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Here we propose a plausible non-genetic mechanism for induction of CHD by hypoxia, a common environmental stressor. We present evidence that short-term gestational hypoxia can perturb mammalian heart formation, resulting in defects of outflow tract alignment and/or elongation. We show that hypoxic exposure results in reduced cellular proliferation in the second heart field (SHF) and elsewhere. In the SHF this is likely to be due to a downregulation of FGF signaling, mediated by the specific loss of the receptor FGFR1. We show that hypoxia induces the unfolded protein response (UPR), causing a global downregulation of protein translation.
Our findings have far-reaching consequences because the UPR is activated by a myriad of environmental or pathophysiological conditions. Ultimately, this enables a better understanding of the mechanisms involved in the origins of sporadic CHD in humans. Vertebrates are characterized by a segmented body axis, most clearly seen in the adult vertebral column. Segmentation is first observed in embryo development during a process called somitogenesis, where the body axis is periodically segmented into epithelial structures (somites). Somite formation occurs in a bilateral fashion on either side of the notochord, thus giving rise to a musculo-skeletal system on both the left (L) and right (R) sides of the body. It has been presumed that somite formation occurs in a bilaterally symmetric fashion. However, it is unknown the mechanisms by which a precise coordination is achieved between the L and R sides to generate somites of the same length, at the same position along the body axis and at the same time point during embryogenesis, despite being separated by the notochord.
We performed a quantitative analysis of zebrafish somite formation using a custom-built light-sheet microscope. We imaged actin-containing structures and the nucleus simultaneously, thus allowing a spatiotemporal quantification of cellular morphology and motion respectively. Embryos were imaged from 6 different angles (30 degrees apart) for 10 hrs from the start of somitogenesis, which were fused and map projected to visualize bilateral somite formation simultaneously. Using a custom segmentation algorithm, we then quantified size of somites and the antero-posterior position at which they contact the notochord. Surprisingly, we observed that many somite pairs (one-third of all somites analysed) exhibited transient LR asymmetries in size and/or position, before attaining their final LR symmetric state. Why are there transient asymmetries and how do they get resolved? Is the segmentation clock involved and are mechanical processes that lead to somite formation important in establishing a LR symmetric state? Addressing these questions will enable an understanding of the mechanisms that lead to a precise coordination of the bilateral sides across the notochord. One of the key events in the process of embryo development is epithelial morphogenesis and gastrulation, whereby differentiated cells migrate in groups or cohorts to finally guild the completely developed embryo. In Drosophila this process is governed by epithelial pattern formation and Dorsal Closure (DC), wherein epithelial cells present on either side of the dorsal opening of stage 13 embryos migrate and ziplock the dorsal cavity, completing the process of gastrulation. It has been observed that Rab11, a classical marker of the Recycling Endosomes, when ablated, results in the failure of dorsal closure and epithelial organization of these gastrulating embryos. On further examination we found that Rab11 is a developmentally active gene, which expresses throughout the embryonic epithelial cells, recycling membrane components like Growth Factor Receptors and Integrins, and plays an instrumental role in the process of gastrulation. Rab11 is also indispensible for the maintenance of epithelial cell adhesions and consequently cell shape, which undergo a stark dis-integration under Rab11 mutant conditions. The integrity of membrane components in the embryonic epithelium, results in the proper triggering of an array of downstream signaling pathways, which regulate the gastrulation process. A critical one amongst these pathways is the bsk (JNK) and dpp (TGFβ) pathway, which when interrupted, shows mutant phenotypes exactly similar to the Rab11 mutants, indicating a probable interaction of Rab11 with these core developmental cell signalling modules. The telomerase reverse transcriptase (TERT) is the catalytic subunit of the enzyme telomerase and adds specific repetitive sequences to the chromosomal ends. Though TERT plays an important role in telomere maintenance, it has non-canonical functions like RNA silencing, mitochondrial function and cell cycle regulation. Identifying such non-canonical functions will help us to understand the essential pathways involving TERT. We chose the model organism Dictyostelium discoideum to study the noncanonical functions of TERT, as growth and development are neatly separated in its life cycle. The TERT RNA expression levels are high beyond vegetative growth stages suggesting a prominent role of TERT in multicellular development. By homologous recombination, we generated a tert knockout that shows impaired growth and development. The mutant cells are arrested in G0 phase of the cell cycle and growth in axenic media is severely affected suggesting a pinocytosis defect in the mutant. However, growth in the presence of bacteria is comparable to that of wild type clones suggesting that phagocytosis is normal. During development, the knockouts show aggregate stream breaking and development is also delayed. The mechanisms for the growth defect and pathway of stream breaking in the TERT mutant need to be further studied. Besides telomere Abstracts S68
